Background: Cerebral vasospasm (CVS) is a disabling disease with high morbidity and mortality risk. Milrinone (phosphodiesterase III inhibitor) has inotropic and vasodilator effects, noninvasive transcranial cerebral oximetry (rSO2%) useful in estimating the effect of triple-H therapy preventive measures against CVS. Objective: The objective of the study is to clarify the value of the use of Milrinone continuous IV infusion as a cerebral vasodilator in post-clipping spasm prevention during the period of maximum vasospasm incidence, guided by noninvasive rSO2%. Methods: Post-clipping all patients extubated in the operative room, shifted to Neurosurgical ICU, and fully monitored. Then, in the period from 4th till the 11th day post-clipping, they were divided into two groups 15 patients each: Group 1: control group, given Norepinephrine continuous IV infusion alone in a dose ranges from 0.05 to 0.2 lg/kg/min. Group 2: given Norepinephrine continuous IV infusion 0.05-0.2 lg/kg/min, Plus Milrinone starting with 50 lg/kg bolus dose, followed by IV infusion at a rate of [0.5-0.75 lg/kg/min]. IMAP, ICP and CPP, GCS, Norepinephrine dose, rSO2%, were recorded every 6 h for the next 168 h. Any attack of cerebral vascular spasm recorded as number and % in each group as an incident. Results: MBP, rSO2%, ICP, CPP, Norepinephrine Infusion dose, and GCS were significantly increased in Group (2) in comparison with Group (1) mostly during the period of the study. CVS
Introduction
Cerebral vasospasm (CVS) secondary to aneurysm induced subarachnoid hemorrhage (SAH) is a disabling disease with high risks of morbidity and mortality even after successful surgical clipping. CVS is the most common cause of delayed neurological deficit affecting up to 30% of patients who survive the initial hemorrhage, current therapy for prevention and treatment of symptomatic vasospasm includes hypertensive, hypervolemic hemodilution (triple-H therapy), calcium channel antagonists, and early surgery with clot removal. [1] The clinical CVS syndrome starts with an inclination to sleep, confusion, and stupor. Normally, the symptoms appear between the 5th to the 7th day of an SAH and rarely occur after 2 weeks. The pathophysiology of vasospasm is not totally understood [2] .
Milrinone, a phosphodiesterase III inhibitor that affects CAMP pathways producing both inotropic and vasodilator effects, also was first used in the treatment of CVS after rupture of intracranial aneurysm in 2001 [3] . Constantoyannis and his colleagues 2007 [4] documented that noninvasive transcranial cerebral oximetry may be useful in estimating the clinical impact of triple-H therapy as a preventive measures against arterial CVS in aneurysm induced SAH patients.
Antoine and his colleagues 2012 [5] recommended that there is great need for more clinical studies on standardized intravenous and/or intra-arterial administration protocols enabling comparison between drugs (i.e., Milrinone vs. Norepinephrine). On this future vision, the aim of this study was to clarify the value of the use of Milrinone continuous IV infusion as a cerebral vasodilator in post-clipping spasm prevention during the period of maximum vasospasm incidence (between the 4th and the 11th day post-clipping) in the neurosurgical ICU, guided by noninvasive transcranial cerebral mixed venous oxygen saturation (rSO2). All patients must have continuous normovolemic state simultaneously with sufficient cerebral perfusion level utilizing Norepinephrine that provides safe supporting effective systemic hypertension.
Patient and methods
After protocol approval by local ethics committee, written informed consent was taken from each patient or relatives. In this present study, patients were selected depending on a merge of clinical and radiological grading and classification, respectively; 1st clinical grade patients were selected of grade 1 or 2, or 3 according to world federation of neurosurgeon grading scale, [22] shown in Table 6 , and 2nd by radiological classification using modified Fissure classification only class 2, 3, and 4 only if associated with good clinical grading 1, 2, or 3 world federation grades. (Fissure classification was modified by Claassen and coworkers classifies the appearance of subarachnoid hemorrhage on CT scan and reflects the additive risk from SAH size and associated with intraventricular hemorrhage as following: 0 -none; 1 -minimal SAH without IVH; 2 -minimal SAH with IVH; 3 -thick SAH without IVH; 4 -thick SAH with IVH) [23] . In this present study, Patients were divided in two groups each 15 patients, all patients, aged from 25 to 60 years old, of either male or female.
Exclusion criteria: Evident vasospasm with trans-cranial Doppler or CT angiography, peripheral vascular disease, preoperative cognitive dysfunction, neuromuscular, primary cardiac, pulmonary, hepatic, renal and endocrine disorders, Glasgow Coma Scale GCS 6 12, preoperative ventilatory or circulatory (pharmacological and mechanical) support, pulmonary edema, also aneurismal rebleeding after surgical clipping patients, maintaining endotracheal intubation, delayed recovery after surgical clipping, and obese.
In this study, hypothesis was that addition of continuous IV infusion Milrinone to IV infusion norepinephrine after clipping of cerebral aneurysms (during the period of maximum cerebral arterial spasm incidence) will improve rSO2.
The primary outcome: Changes in rSO2 (each 6 h for postclipping for 168 h = 1 week).
The secondary outcome: measurement of mean arterial blood pressure, cerebral perfusion pressure, intracranial pressure, doses of norepinephrine, conscious level GCS (each 6 h for post-clipping 168 h = 1 week) and organ functions once/ day for 7 successive days (Serum ALT, serum AST, Serum bilirubin, Serum albumen, Serum Cr, and serum urea).
Group patients sample size: A pilot study showed that the normally distributed mean transcutaneous cerebral mixed oxygen saturation (rSO2) after start of norepinephrine infusion during the postoperative period after aneurismal clipping was 61% (SD of 10), with type I error of 0.05 and a power of 90%. A priori power study indicated a sample size of 15 patients for each group was sufficiently large to detect a 20% differences in the mean rSO2 after the start of norepinephrine infusion.
Anesthesia during surgery: (All aneurysms were clipped within 24 h of the onset of SAH) was induced with Fentanyl 1 lg/kg, then lidocaine 1 mg/kg, then Propofol 2 mg/kg, and ETT facilitated using 0.1 mg/kg Cisatracurum then maintained with total intravenous anesthesia of continuous IV infusion drugs [Remifentanil 0.05-2 lg/kg/min, Propofol 50-200 lg/ kg/min, and muscle relaxant Cisatracurum infusion of 0.1 mg/kg/h]. After surgical clipping, an open and surgically functioning external ventricular devise catheter (EVD) [6] was then connected to the pressure transducer fixed 1 cm above the level of temporomandebular joint via which the intracranial pressure (ICP) will be recorded and then cerebral perfusion pressure (CPP) was calculated (utilizing the famous equation CPP = mean arterial blood pressure MBP-ICP) [7] .
Post-surgical clipping extubation just after operation in the operative room, conscious and spontaneously breathing, protocol criteria for extubation on table after clipping; fully conscious and oriented, GCS > 13, Obey commands, no new motor deficits, noncomplicated surgery, stable vitals, temp. > 36 C, FiO2 < 0.5, PEEP 6 5 cm H2O, Pa/FiO2 ra-tio > 300, PaO2 > 60 mmHg, PaCO2 35-45 mmHg, pH > 7.3, TOF > 0.9, VTe > 5 ml/kg, UOP > 0.5 and <3 ml/kg.
Then, patients shifted directly to the Neurosurgical ICU and connected to full monitoring system including HR, ECG leads, arterial oximetry probe, invasive arterial blood pressure via pre-inserted arterial 18 gage cannula, CVP monitoring, and the transcutaneous cerebral mixed oxygen saturation forehead bilateral interconnected adhesive probes (CASMED-FORE-S. GHT noninvasive cerebral oximetry monitoring devise).
Then, for all patients: 1-Both groups 1 and 2 were kept normovolemic utilizing the isotonic normal saline 0.9% solution rates between 80 and 100 cc/h (Mayer and his colleagues 2005) [8] as a basic hourly infusion solution. The goal is to maintain the patient normovolemic by keeping the central venous pressure (CVP) 5-8 mmHg in the patient recovering from a SAH with normal hourly urine output for all patients of the study.
2-Both groups 1 and 2 started Norepinephrine (levofed) vasopressor infusion support in an IV infusion dose ranges from 0.05 to 0.2 lg/kg/min [effective doses of norepinephrine were defined as doses required to increase mean arterial pressure (MAP) by 20 mmHg] [9] . MAP was maintained at between 100 and 120 mmHg targeting CPP (MAP-ICP) >80 mmHg.
Then, after passage of 96 h (4 days) (as the 5th day is the start of the period of highest incidence of cerebral vasospasm after cerebral aneurismal clipping) [2] postoperatively in the neurosurgical ICU, patients were divided into two groups 15 patients in each group as follow: Group 1 = Norepinephrine alone group (Control group): Norepinephrine continuous infusion alone in a dose range 0.05-0.2 lg/kg/min to keep MAP between 100 and 120 mmHg targeting CPP (MAP-ICP) >80 mmHg .
Group 2 = Norepinephrine plus Milrinone (Milrinone group): Norepinephrine continuous infusion in a dose range 0.05-0.2 lg/kg/min to keep MAP between 100 and 120 mmHg. targeting CPP (MAP-ICP) >80 mmHg, Plus Milrinone (cerebral arterial vasodilator and +ve inotropic) starting with 50 lg/kg bolus dose [4] , followed by intravenous infusion at a rate of [0.5-0.75 lg/kg/min] [3] , according to the rSO2% monitoring starting by 0.5 lg/kg/min and increase up to 0.75 lg/kg/min if rSO2% dropped under 60%.
Data recording of GCS, norepinephrine infusion dose, rSO2%, IMAP, ICP and CPP calculated (MAP-ICP), all were recorded every 6 h for the next seven successive postoperative days = 168 h. Organ functions (Serum ALT, serum AST, Serum bilirubin, Serum albumen, Serum Cr, and serum urea) the once daily measurement (for seven successive days).
Any attack of cerebral vascular spasm (CT angiographicproven arterial diameter reduction >40%) [10] ), these cases will be recorded as number and % in each group as an incident and soon start the management of cerebral arterial spasm in the form of oral or via nasogastric tube 60 mg Nimodipine every 4 h and continued for up to 21 day, Hetastarch (6%) 500 ml bolus infusion added to the basic hourly 0.9% normal saline fluid infusion to maintain the central venous pressure CVP of 8-10 mmHg (during spasm as a treatment). Simultaneously, milrinone 50 lg/kg bolus then intravenous infusion of a higher rate than prevention rate already used in this study [0.75-1.25 lg/ kg/min] then gradually reduce the dose according to the rSO2% monitoring down to a rate of 0.75 lg/kg/min if rSO2% improves over 70%, plus Norepinephrine infusion rate up to[ 0.2 lg/kg/min] to maintain invasive MAP between 100 and 130 mmHg, targeting CPP (MAP-ICP) > 80 mmHg .
Statistical analysis
Data of the study were collected and entered into computer. Statistical analysis was done by using statistical package for social science version 16 (SPSS). The data were normally distributed by using Kolmogrov-smirnov test. The data were presented in the form of mean and standard deviation. Student's t-test was used to compare between quantitative data of two groups. Significance was considered at p value less than 0.05.
According to the pilot study done before this study to detect the sufficient number of patients of each group of the study showed that the normally distributed mean rSO2 after start of norepinephrine infusion during the postoperative period after aneurismal clipping was 61% (SD of 10). A prior power study indicated a sample size of 15 patients for each group was sufficiently large to detect a 20% differences in the mean rSO2 after the start of norepinephrine infusion, with type I error of 0.05 and a power of 90%. We added 10% more to compensate for the dropped out cases. Chart 1 Transcranial Noninvasive O2 saturation of the studied groups in% related to time in hours. 
Results
As regard gender distribution, mean patients age and weight. There was no significant (p < 0.05) difference between groups (Table 5 ). Global cerebral oxygenation using noninvasive cerebral mixed venous O2 saturation shown in Table 1 shows significant increase in Group (2) 
Discussion
Noninvasive monitoring of cerebral oxygenation not only used to determine the underlying regional cerebral parenchymal oxygen saturation (rSO2) utilizing tissue oxygen index (oxyhemoglobin divided by the total hemoglobin) but also as an early detection monitor of hematoma formation. Keeping regional oxygen saturation greater than 55% is the goal in clinical management. Baseline number is obtained, and any significant change (reduction of 20% from this defined baseline) is indicative for active management of cerebral hypoxia. Cerebral oxymetry has numerous problems that have limited its usefulness in the Neurosurgical ICU (NICU), and the percentage distribution of venous, capillary, and arterial blood representing the cerebral oxymeter signal is undefined [11] . After successful surgical aneurismal clipping, a great challenge starts in the NICU due to the high incidence of post-clipping critical cerebral arterial spasm (typically occurs within 4-14 days following hemorrhage in the case of virgin bleeds and earlier with recurrent hemorrhage, management is by inducing iatrogenic therapeutic hypertension, hypervolemia, and hemdilution the previously known (triple-H), but according to (Mayer and his colleagues 2005) [8] , it is enough to achieve a normovolemic controlled hypertensive state (CVP of 5 mmHg) for cerebral aneurysm spasm prevention, so in this present study, the aim is to induce therapeutic basal normovolemic controlled hypertensive state for all patients, then to evaluate the effect of Milrinone as a cerebral vasodilator on the global cerebral oxygenation using the noninvasive transcutaneous cerebral oxymetry.
Milrinone, a phosphodiesterase III inhibitor, affects cAMP pathways with both inotropic and vasodilator effects. Milrinone was first used in the treatment of cerebral vasospasm after rupture of intracranial aneurysm in 2001 [3] . According to (Fraticelli and his colleagues 2008) [12] , intra-arterial Milrinone infused in the cerebral territory is effective and safe for reversal of cerebral vasospasm after a subarachnoid hemorrhage and should be tested in a large randomized trial and still not widely used as a continuous IV infusion protecting drug against post-surgical cerebral aneurysm spasm.
In this study, we reported significant increase in global cerebral oxygenation using noninvasive cerebral mixed venous O2 saturation Group (2) in comparison with Group (1) from hour 12 till hour 168 of this study in the NICU, this could be attributed to the combined Milrinone cerebral arterial vasodilator (VD) and the cardiac +ve inotropic effects that leads to subsequent increase in the oxygenated arterial cerebral blood flow (CBF) improving the global cerebral oxygenation. In line with this result (Yoshiki and his colleagues 2004), [13] suggested that Milirinone cerebral cisternal irrigation has an effective cerebral arterial VD effect is sufficient enough to reduce the occurrence of vasospasm in patients with poor grade aneurismal SAH. Also, in accordance to our result, (Shankar and his colleagues 2011) [14] documented that milirinone intraarterial infusion increased the cerebral blood flow via reversing the arterial spasm. Thereafter, Milrinone can improve the global cerebral oxygenation during the serious period of postcerebral aneurismal clipping in the ICU.
Effects of Milrinone continuous intravenous infusion on global cerebral oxygenation and cerebral vasospasm
As regard to the Milrinone cardiac +ve inotropic mechanism (Alousi and his colleagues 1986) [15] suggested that Milrinone may stimulate the influx of Ca++ into the cardiac cell. As phosphodiesterase inhibitor that increase cardiac cAMP levels. However, analyzing a time-course of the changes in cAMP levels during the inotropic response to bipyridines indicated that the isometric tension elevation development preceded the increase in cAMP level. Lastly, Alousi concluded that more than one mechanism may be involved in the initiation and maintenance of the inotropic response to the Milrinone. No significant changes between groups 1 and 2 as regard organ functions Serum (ALT, AST, albumen, bilirubin, Creatinine, and urea) during the 7 days of the study. Where a motor deficit refers to a major focal deficit interpretation:
Maximum score of 15 has the best prognosis. Minimum score of 3 has the worst prognosis. Scores of 8 or above have a good chance for recovery. Scores of 3-5 are potentially fatal, especially if accompanied by fixed pupils. Body weight (kg) 75.34(9.1) 78.65 (7.4) No significant difference between the two groups as regard age, gender and body weight; values are in mean and standard deviation (SD).
A co-link in our results between invasive Mean Arterial Blood Pressure and norepinephrine infusion dose documented as significant increase in invasive Mean Arterial Blood Pressure in Group 2 in comparison with Group 1 from hour 6 till hour 168 of this study as shown in Table 1 associated with increased IV infusion dose of norepinephrine in group 2 in comparison with group 1 from hour 42 till hour 144 of this study Table 3 , this can be explained by the combined effects of the potent VC effect of norepinephrine in addition to the +ve inotropic effect of Milrinone. Considering the infusion dose of norepinephrine shown in Table 3 that we got most significantly increased IV infusion dose of norepinephrine in group 2 in comparison with group 1 explained by the increased need in group 2 to counteract the systemic peripheral VD effect of the simultaneously IV infused Milrinone. In opposition to this explanation, Liu and his colleagues 1997 [16] concluded that the vasodilator effect of Milrinone is strong enough to abolish the vasoconstrictor effect of norepinephrine and in the same line (Jeon and his colleagues 2006) [17] used the same Milrinone infusion dose of our study and found that vasopressin is better than norepinephrine in counteracting the post-infusion Milrinone hypotension, but we can argue that opposing opinions by the significant increase in the continuous IV infusion dose of the supporting norepinephrine.
Value of including the 6 hourly recording of the Noradrenaline infusion dosing was to detect if there is need to increase the needed infusion dose after adding the peripheral VD Milrinone in group 2 to counteract this milrinone VD effect on the IMAP and in turn on the CPP.
As regard Calculated CPP and ICP shown in Table 2 : in this present study, CPP was calculated from the famous formula CPP = MBP-ICP Table 2 showed significant increase in CPP in Group 2 in comparison with Group 1 from hour 6 till hour 168 of this study, also Table 2 showed significant increase in ICP in Group 2 in comparison with Group 1 from hour 18 till hour 168. These co-linked two results are dependent on each other and can not be explained separately and can be explained by the combined effects of the potent VC effect of norepinephrine in addition to the +ve inotropic effect of Milrinone have increased the MBP and subsequently increased the CPP, and ICP (within the normal range) in group (2) compared to group (1) . In opposition to this explanation, (Fraticelli and his colleagues 2008) [12] studied twenty-two consecutive patients with angiographically proven CVS (arterial diameter reduction >40%) intra-arterial Milrinone was infused in the cerebral territory involved and followed by continuous intravenous infusion until day 14 after initial bleeding and recorded improving cerebral tissue perfusion independently of mean arterial pressure.
As regard Glasgow Coma score (GCS) shown in Table 3 : shows significant increase in Group 2 in comparison with Group 1 from hour 6 till hour 168. The GCS was recorded starting from the 1st hour after surgical clipping, and according to this present study rules, it was decided for all cases of both groups to be fully conscious and of GCS >12 in order to detect any deterioration of conscious level with all signs of newly developing cerebral spasm. The significantly increased GCS in group 2 in comparison with group 1 can be explained by the increased cerebral arterial vasodilator Milrinone effect added to that milrinone +ve inotropic effect augmented by the effective supporting systemic arterial vasoconstrictor vasopressor effect of the norepinephrine maintaining increased effective MABP&CBF enriching the vasodilated cerebral arterial tree with effective CPP and CBF enough to maintain effective brain perfusion, and also conscious level seen as a mirror image for cerebral oxygenation shown in the significantly increased noninvasive cerebral O2 saturation in (norepinephrine plus Milrinone group 2) than (norepinephrine alone group 1).
According to organ functions shown in Table 4 , no significant changes between both groups 1 and 2 as regard Serum ALT, serum AST, Serum bilirubin, Serum albumen, Serum Cr, and serum urea during the 7 days of the study. All recorded organ function were routinely done as a guard against any organ blood perfusion deterioration can happen with the continuous IV infusion of VC norepinephrine (i.e., renal artery spasm) putting in mind the fact that autoregulation is essentially maintained independent of nervous and humeral stimuli documented by (Kiil and his colleagues 1969) [18] who infused norepinephrine continuously into the renal artery. In line with our result (Anderson and his colleagues 1981) [19] who infused norepinephrine intravenously at 0.2-0.4 lg/kg/min in conscious dogs, did not decreased the renal function even found renal vasodilatation that could be attributed to the increase in systemic blood pressure which in turn decreases renal sympathetic tone. In opposition to this result, the old theory that norepinephrine infusions have been reported to decrease splanchnic and renal blood flow, under normal circulatory conditions, as well as during essential hypertension and hypovolemic hypotension. These reports have significantly inhibited the clinical use of norepinephrine, but if it is used to support a vasodilated circulation with a normal or increased cardiac output, it is likely to be the kidney's friend not its foe [20] .
Arterial Spasm accidents in each group were recorded as follows: 3 cases of 15 = (20%) cases in group 2 (Norepinephrine plus Milrinone group) compared to 7 cases of 15 = (46.6%) cases in group 1(Norepinephrine alone group) indicating significant decrease in the occurrence of spasm during continuous IV infusion of Milrinone with norepinephrine than norepinephrine alone that can be explained by the continuous effective cerebral arterial VD effect of the continuous IV infusion of Milrinone and its +ve inotropic effect added to the effective vasoconstrictor norepinephrine augmenting effect on MABP which in turn increased the CPP and CBF, all these effects are very important factor in preventing the occurrence of cerebral arterial spasm during the period of highest incidence of cerebral vasospasm after cerebral aneurismal clipping. In line with this result, Khajavi and his colleagues (1997) [21] proved that experimental chronic cerebral vasospasm in canine model can be prevented by intracisternal Milrinone injection with no significant changes in systemic hemodynamic, and 4 years later, Arakawa and his colleagues (2001) [3] 's study suggests that cisternal irrigation with Milrinone is safe and effective and reduces the occurrence of vasospasm in patients aneurismal SAH. Very few or even nil number of studies were done on the effect of intravenous infusion of Milrinone on preventing post-aneurysmal clipping cerebral arterial spasm for example; Fraticelli and his colleagues (2008) [12] mixed local intra-arterial Milrinone infusion in the affected cerebral territory, then followed by continuous intravenous infusion until day 14 after 1st bleeding, and concluded that Milrinone is safe and effective for reversal of CVS after aneurismal SAH and should be examined in a large randomized trial.
In conclusion, Milrinone continuous intravenous infusion improved significantly the global cerebral oxygenation and re-duced the incidence of cerebral vasospasm during the dangerous period of cerebral spasm after cerebral aneurysm clipping surgery in the neurosurgical ICU.
